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HIGHLIGHTS OF THE REPORT 

DYNAMOD II is a computerized Markovian-type flow model developed 
to provide estimates of the educational population of students and 
teachers over selected intervals of time* The population is cross- 
classified into 108 groups by sex, race, age, and educational category 

i.e., elementary school student, elementary school teacher, etc. These 

groups are listed in Appendix E. 

Among the more important findings in the report (and subject to 

I final validation), it can be said that: 

1. DYNAMOD II is a suitable representation of the educational 

population for planning purposes; 

2 , The model is useful for exploring the effects of changes in 
the birth and death rates on the educational population; 

3, The model is useful for examining the inQ)act on the educational 
population of policies designed to keep more students in school. 

For example, if policymakers wish to examine the population 
effects of a program that is expected to raise the retention 
rate of secondary school students by one percent (i.e., keep 

in secondary school one more student per hundred than hes 
been the case) , the model can be readily adapted to produce 
new projections incorporating these requirements. ?y com- 
paring the new projections of the secondary school population 
to the old, a measure of the in^jact of the policy is produced; 

4. The greatest impact of a change in a student retention rate oc- 
curred in the college sector, where the introduction of a one percent 
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Increase in the retention rate in 1959-60 would have increased 
the number of college students by three percent in 1969-70 <> 
Similar changes to the retention rates of elementary and 
secondary school students produced increases of one and over 
two percent, respectively, in those populations; 

The teaching sector was found to be more sensitive to changes 
in retention rates than the student sector, and thereby seems 
to constitute a potentially fruitful target for policy. In 
all three teaching levels (elementary, secondary and college) , 
the increase in the respective population brought on by a one 
percent increase in the retention rates during the 1959-60 
school year would have exceeded 4*7 percent by 1969-70; 
Student-teacher ratios were found to be more sensitive to 
changes in the teacher retention rates than was the case for 
student retention rates. This suggests that, in cases where 
the student-teacher ratio is deemed to be too high, but an 
increase in the number of students in the system is desirable 
over the long term, a suitable policy to control the level 
of the ratio would be to first increase the retention rates 
of teachers, and then pursue policies to increase the 
retention rates of students. 



Student-Teacher Population Growth 
Hodei: Tmmm II 

TUTRODUCTION 



Hiatorical Background 

In September, 1966, an unpublished paper- entitled, "DYNAMOD Is A Re- 
eearch Demographic Model," waa written. , It demonstrated the feasibility 
of applying Markov chain analysis to problems of the growth and compo- 
sition of the educational population of students and teachers. 

DYNAIOD II was developed on the basis of the lessons learned from 
DYHAMOD I. It is a more finely structured and consequently more accurate 
.Kxlel than was DYRA1®D I. As such, DYNAMOD ILsho,;M prove to be of use 
to Office of Education planners and analysts for e»mlnlng the intact of 

policy alternatives on the educational population. 

This report contains some illustrations of the means by which the 
aforementioned isg.acts can be estinmted. The next report, which will 
i^lement numerous small ls 5 .rovenents to the model-s accuracy, will 
ccntaln more exai^les of the effects of different policy alternatives, 
and 1^11 °v«'n<n e the effects in more depth than is appropriate in an 

initial report. . 

As useful as DYNAMDD II should prove to be, it falls short of the 
ultimate goal in model building. That is, ideally it is desirable to 
have the population flows follow the "real world" as closely as possible 
A model now being developed, the Student-Teacher Analysis of Growth 
Model (STAG), will approach this ideal. "STAG" wiU contain educational 
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population flows by single yeart. of age and single grades. 

DYNAMDD II approximates the standard population projections of the 
Office of Education and Bureau of the Census well enough to provide 
educational planners, analysts, and policymakers with "order of magni- 
tude" estimates of the effects of variations in certain key items, such 
as student and teacher retention rates or birth rates, until STAG be- 
comes operational. 

MArVnv Processes in General 

By way of a brief summary or an introduction to Markov processes, 

one may think of them as follows: 

1. There is a sequence of operations over a period of time, such 

as a group of students flowing through a school system; 

2. There are a finite number of outcomes for the operations— 
for example, a student either is in school or not; if he is 
in school, he must b^ in a particular grade or school level, 
i.e., all of his possible "states" must be identifiable and 

countable ; 

3. All the information required to determine the workings of the 
process is knowledge of the last set cf outcomes and their 
respective probabilities * 

Consider, for the simplified Martov process below. In 

jrear t, tuere are students in each grade of a four-grade system, desig- 
nated (1) through (4), respectively. Assuming no deaths, no repeaters, 
and equal class sizes, it is noted that, by year t+1, group (4) has left 



the system, groups (1), (2), and (3) remain, and a new group of students 
designated (0) , appear in grade 1. The latter group previously were 
not in school, and the total number of children not In school in year t 
is known. 



Grade 

1 i 2 ^ 



Year 

t 

t+1 




Since the requirements of a Markov process are satisfied, the 
description of this flow network can be put in matrix form, using co- 
efficients called "transition probabilities” to mathematically describe 
the flow patterns: 

Year t+1 



In school 



Not in school Sum 



In 

school 



Not in 
school 



4l)+(^+(3) • .75 


(4) 


a)+(2t+(3)TT4) 


(l)+(2)+(3)+(4l -25 


(0) = X 


1.00 - X 


(Total not in school^) 



1.00 

1.00 



The probability in the upper left hand corner, i.e., the probability of 
a student who was in school in year t being in school in year t+1, is 
estimated from the grade flows above. It is also called a "retention 
rate','” a phrase used frequently in this report; The probability of an 




enrollment is calculated by taking the ratio of enrollments in year t+1 
to the total number not enrolled in year t. The other estimates are 
made accordingly, subject to the restriction that each row must sum to 
one. 

With the probabilities identified, and subject to the other pre- 
viously-mentioned assun^tions, all *that remains to be known is the 
respective number of children in school and not in school in year t. With 
that information, the population of school children can be predicted for 
any year in the future by cycling the population through the matrix the 
desired number of times (providing, of course, that the fundamental condl 
tions underlying the projections do not change.) 

Markov Processes and DYNAMOD II 

The above description can be considered to be a sketch of the way 
DlfNAMOD II operates. Of course, a large computer model which grapples 
with the complexities of reality must be , of itself , complex. Neverthe- 
less. DYNAMOD II provides a capability for analysis not easily filled by 
other means. For example, estimates of the numbers of people in educa- 
tional policy target populations (such as young nonwhite boys in sec- 
ondary school) are available in DYNAMOD II, but not elsewhere, because 
that type of data is not collected in such detail in most surveys. The 
I960 Census of Population collected such information, however, and, in 
conjunction with estimates of transition probabilities to describe the 
flows and cross-flows of the population, provided the means for making 
projections of the numbers in those groups for a predetermined number 

of years. 

Furthermore, by hypothesizing the effects that policy changes would 
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have on the transition probabilities, an assumed impact on the population 
can be quantified. 

Actually, DYNAMOD II is not a true Markov process, at least in the 
conventional sense. One might best consider DXNAMOD II as a Markov 
process superinposed over a growth function representing net births. 

In a conventional Markov prqoess, one has the alternatives of either 
cycling the basic population vector, P, n times through the transition 
matrix T, or calculating P(t") to determine the distribution of the 
various population groups in year n, where (t") is the n th power of 
the matrix T. The occurrence of net births in the model prevents the 
use of the second alternative, even if it were desired-but the popula- 
tion groups in DYNAMOD II must be cycled each time, to get annual data. 

Basic Agsumptions 

The basic assungjtions used in DYNAMOD II are as follows: 

1. Death rates are fixed during the projection interval; 

2. The transition probabilities are fixed during the pro- 
jection interval; 

3. A Markov-type process is a suitable means for representing the 
flows of people among categories. 

Rcnpe of Data 

DYNAMOD II is in every sense a large population model. It features 



a population divided into: 

• elementary school students 

• secondary school students 

• col3.ege students 

• elementary school teachers 

• secondary school teachers 

• college teachers 

• other (i.e., persons who are 



neither students nor active teachers) 
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The population is further divided by sex and race (i*e., white and non- 
* white), and into age levels 0-4, 5"*14, 15-19, 20-24, 25-44 and 44 years 
or older. In all, there are 108 separate population groups (including 
deaths) in DINAMOD II, which required the estimate of 656 separate 
probabilities to describe the groups’ crossflows among categories. A 
listing of the groups is given in Appendix E. 

The student and teacher data are centered on the academic year begin- 
ning in September. The remainder of the population is centered on April 
of the following year. 

The data for students and teachers include both public and nonpublic 

schools, but not schools such as residential schools for exceptional 

children, subcollegiate departments of institutions of higher education, 

Federal schools for Indians, or schools in Federal installations. Since 

the data from the Bureau of the Census’ 1/1,000 san?)le were forced into 

agreement (see ’’Methodology” below) with those published by the Office 

1 / 

of Education , Office of Education definitions are applicable. 

Elementary school students are defined in this note to be those 
children in kindergarten through grade 8, and secondary school students 
are those in grades 9 through 12. College student figures apply to 
opening fall degree-credit enrolled students, full time and part time. 

The full-time-equivalent concept was not used for students. 

The three teacher categories (elementary, secondary and college) 
are also aligned with Office of Education definitions, except that, as 

U.S. Department of Health, Education, and Welfare, Office of Educa- 
tion, Projections of Educational Statistics to 1974-75, 0E-10030-65 
(Washington, D.C.s Supt. of Documents, U.S. Government Printing 
Office ^ 1965) o 
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with students, full time equivalents were not calculated. 

It should be noted that grade-wise, the elementary and secondary school 
teacher categories are not directly comparable to the respective student 
categories. That is, a proportion of teachers in grades 7 and 8 are 
actually classified as secondary for Office of Education oefinitional 
purposes. The effects of these differences on the student-teacher ratios 

are discussed on page 46 below. 

Methodology 

The following paragraphs summarize the methodology employed in the 
development of DYNAMOD II. Mere detailed discussiv of the specific 
procedures employed been or will be issued in other technical notes 

Population inputs . The primary data base for the population inputs 
to DYNAMOD II was the information available on the Bureau of the Census* 
l/l,000 sanple data tape from the I960 Census of Population. Sampxing 
error, response error and definitional differences were sufficiently 
large in some cases to require manual adjustments to the distributions 
before they were considered to be acceptable as inputs to the model. 

For example, students who were part time teachers sometimes reportud 
themselves as both students and teachers, and vice versa. The redis- 
tribution of these overlaps first had to be resolved. Then, the tape 
distributions for aggregate categories such as age or elementary stu- 
dents had to be reconciled with the Bureau of the Census* distributions 
as published. ' Finally, the adjusted data were readjusted to force th^^ 
student and teacher totals into agreement with published Office of 
Education totals. 










a 



Births » Birth projections in absolute numbers by sex and race 

were used in the model, as opposed to the rate concept ixsed for deaths 

(see “Death rates” below) # Two sets of birth data were utilized in 

D^-AMOD II • The first was Series ”B” as published by the Bureau of 

2 / 

the Census. These data provided information on the numbers of births 
by race* Estimates of the within-race male-female distributions, not 
published in that document, were made within the Division of Operations 

y 

Analysis • 

The second set of birth projections used in DINAMOD II were inde- 

(i/ 

pendently estimated (appendix table B-1) . It was felt that there was 

I 

a distinct need for an independent set of estimates, because, while 
Office of Education projections are largely keyed to Series "B” births, 
there was a marked discrepancy between the published Series "B” data 
and the births actually being realized in the population. The results 
for both sets of birth projections variants are presented later in this 
report. To maintain a constant reference comparison, however, the 
Series ”B” data have been used in the DICNAMOD II base-line projections, 



U.S. Bureau of the Census, C\irrent Population Reports . Popiilatlon 
Estimates . Series P-25, No. 345, "Projections of the White and Non- 
white Population of the United States, by Age and Sex, to 1985," 

July 29, 1966. 

y 

The proportions used to allocate male and females within the races 
were the same as those shown in paper by T. Okada, " Birth and Death 
Projections Used in Present Student-Teacher Population Growth ^_d_el ." 
Technical: Note No; 11, December 14, 1966. 



Ibid. 
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as well as in the projections where the student or teacher retention 

rates have been varied. 
nftftth Rates 

Wherever applicable, death ra^es described in TH-11 were modified 
for DYBAMOD II to make use of differential mortality rates by ocoup 
tion.^ For male teachers, separate' mortality rates were obtained 
both white and nonwhite from mortality rates based on occupation and ago 
grouping. Their female counterparts were derived’ by assuming that the 
female teacher population e:*ibited the same male-to-femald BdrtaUty 

y 

ratios as in the general population. 

Mortality rates for college students in the 15-19 year age interval 

v»re assumed to be the same as for teachers in the 20-24 year interval, 
which are less than those for the general population of 15-19 year olds. 
College students in the remaining age intervals were assumed to have the 
same death rates as teachers. For elementary and secondary students, 
death rates used in the model were those for the general population. 

(See appendix table B-6 for the death rates actually used in DTOAMOD II. ) 



F 
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U.S. Department f health . Eduo^ 

"iSS toong fen 20 to 64 fears of United^Sta^s. 

1950," Vital Statig tics-Snecial Repff^, Vol. 53, * ' 

£962! ‘{Washington, D.c 7 : Supt. or documents, O.S. Government 

Printing Office) , ‘table 2. 

D.S. Denartment of Health, Education.^^d felfare^ 

D^‘c\s Supt. of Documents, H.S. Government Printing Office) , 
table 1-25. 
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Eatimates of transition probabilities . Detailed discussions of the 
procedural methods used to estimate the model’s transition probabilities 
vfill be described in other analytical notes to be issued shortly. The 
estimating procedures can be summarized briefly as follows: 

1. First approximations to the probabilities for males and females 
were developed from whatever data sources could be utilized, as well as 
from theoretical and empirical knowledge of the problem. 

2. The male and female transition probability ma, trices were then 
adjusted by Iterating the population several times, conparing the results 
to reference data, adjusting the probabilities, reiterating, etc., until 
the fit to the reference data was deemed acceptable. 

3. Next, the male-female transition probability estimates were 
"factored” into their four respective age-race transition matrices. For 
example, th'*' male elementary school student retention probability was 
divided into the retention rates for those white and nonwhite students 
who were 0-4, 5-14, 15-19, 20-24, and 25-44 years of age, respectively. 
The original estimates of the age-education transition probabilities 
were con 5 )letely mechanical. Thus, selected maniial adjustments to render 
these estimates logically acceptable were required before computerized 
iterations could take place. As an example, consider the fact that 

the probability of a 0-4 year old child becoming 5-14 years old next 
year is roughly .2. In initial calculations, .2 would be multiplied 
by the probability of remaining an elementary school student. However, 
the probabilities of age and educational status are not independent, 
at least at the extreme ends of the age distributions. In fact, the 
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probability of a child who is now a 0-4 year old elementary school stu- 
dent becoming a 5-14 year old elementary school student next year is 
actually quite high, because nearly all 0-4 year old elementary school 
students are 4 ysars old. This meant that the original estimate would 
have to be adjusted to account for the lack of statistical independence. 
The remaining probabilities in the matrices were screened in this 

manner and adjusted when necessary. 

4. Finally, the four large matrices wer3 used to iterate the 
population, primarily by con 5 )uter calculations. After each iteration, 
the results were checked with the reference data. Because of the large 
number of coefficients involved, the initial corrections were made to 
the white males matrix, with manual iterations made to that group to 
determine whether or not the approximate degree of correction desired 
was being achieved. The next step was to change the coefficients of 
the other three matrices proportionately and recompute the 10-year 
projections. This process was continued until the projections all fell 
within 10 percent of the desired 1970 figures. 

Calculating procedures . The calculating procedures used in the 
DYNAMOD II con 5 )uter program are basically the same as those used in 
DYNAMDD I, Stage 2, with some minor changes in the statements speci- 
fying the way the output will be printed. The computer program is 
written in FORTRAN language for processing on an RCA 3301 computer. 

All input data, that is, the transition probabilities, births, and 
population group totals are punched on cards. The program provides 
that multiplications by zero will not take place, since the density 
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of nonzero cells in the matrix is only about .25. The calculating rules 
in the program first read the feasible transition probabilities into 
storage, and then separately read in the numbers in the respective popu- 
lation groups. Next, the population groups are '’scattered" by means of 
the probability coefficients into various receiver categories. All the 
receiver cells in a respective category are then summed to produce the 
new population category total, which then becomes the input number for 
the next year. Each popula'iion group is printed out for each year, and 

in addition, selected category totals (e.g., all elementary school stu- 

7/ 

dents) are also printed out. The process is cycled for a predetermined 
number of years. 



u 



Only the broader categories, such as all elementary or secondary 
school students, are presented in this report, but v-e printout 
contains oonpletely detailed group estimates, for ej^le, 5-14 
year old nonwhite male elementary school students. These data 
will be available in the final report. See appendix E to a 
listing of the population groups presently used in DiWAMOD ii. 



13 



PRELIMINARY RESULTS 

Presented below is a discussion of the results of the preliminary 
coiDputer runs for DYNAMOD II. The results of the DYNAMOD II projections 
are compared to projections p'l^oduced elsewhere within the Office of 
Education, or T^ere applicable, to projections published by the Bureau 
of the Census.^ 

Some terminological differences are present between DYNAMOD II 
terms and those used elsewhere in the Offlc'‘. of Education. In DYNA- 
MOD II, the term ’•elementary school students” (or teachers) refers to 
the kindergarten--through-g:pade 8 grouping, while in the Office of 
Education, the term refers to those who are grouped specifically in 
elementary schools, and does not include those of grade 8 and below 
attending junior or senior high schools. Similarly, ’’secondary school 
students” (or teachers) in DYNAMOD II are in the grade 9-through-12 
grouping. College students are defined in this report to be all 
degree-credit enrolled students, full or part time, graduate and under- 
graduate. College teachers include all instructional staff for resi- 
dent degree-credit courses in institutions of higher education. 

Student Pro.iections, 1959-60 to 1969-70, 

The DYNAMOD II projections of elementary school students are 

^ The Office of Education projections used for the comparisons were 
published in U.S. Department of Health, Education, and Welfare, 
Office of Education, Pro.i actions of Educational Statistics to 
1974-75, 1965 Edition, OE-10030-65 (Washington, D.C.; Supt. of 
Documents, U.S. Cover Jiment Printing Office). The primary ref- 
erence document for comparing DYNAMOD II projections to those 
of the Bureau of the Census is U.S. Department of Commerce, 

Bureau of the Census, Population Estimates . Series P-25, No. 286. 



u 



slightly lower than those projections made by the Office of Education 
(figure 1) . The largest difference is 1.3 percent, occurring both in 
1966-67 and in 1967-68. In 1969-70 this figure drops to .9 percent. 

The percent differences mentioned in this discussion are found in the 

**A" appendix tables. 

DYNAMOD II projections of secondary school students are graphically 
coB^ared with Office of Education projections in figure 2. DYNAMOD II 
projections are again somewhat lower than those of the Office of Ik!uca- 
tion, the difference beiiag 8.1 percent in 1969-70. Because DYNAMOD II 
uses grouped age categories rather than single, years of age, any increase 
in the number of students (or teachers) caused by the sudden appearance 
of a disproportionately large number of people of a particular age tends 
to be smoothed out oyer time. An example of this is seen in figure 2. 

The line representing Office of Education projections of secondar^^' school 
students Hpeaks- in 1964-65, while the DYNAMOD II line indicates a more 

steady increase over the projection years. 

Figure 3 shows DIHAIOC II projections of college students greater 

than those of the Office of Education for the years 1960-61 to 1965-66. 

In 1966-67 DYNittDD II falls 2.9 percent below the Office of Education 
projections, with the difference increasing to 7.9 percent in the 

1968-69 academic year, then tapering to 6.5 percent in 1969-70. These 
differences in largo part can be attributed to the interaction of the 
flows within the DIHAM3D II structure. For the early years of the 
projection interval, DYNJUOD II was close to or on the high side of the 
Office of Education reference projections of secondary school and college 
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Figure l.-DYNAM)D II projections of elementary school students as 
conpared with Office of Education projections, 

1959-60 to 1969-70 



Millions 




Source : 



Appendix table A-1 
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Figure 2.-DYNAM0D II projections of secondary school students as 
compared with Office of Education projections, 

1959-60 to 1969-70 



Millions 
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Figure 3 .-DYNAMOD II projections of college students as 
coBopared with Office of Education projections, 
1959-60 to 1969-70 




Source: Appendix table A-1 
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students. In the years beyond 1964-65, DYNAMOD II underestimated sec- 
ondary school students to a greater degree than was the case for college 
students. This resulted in too few secondary school students being 
transferred to the college sector, hence the increase in the under- 
estimate of college students in the last few years of the projection 

interval. 

Teacher Projections. 1959-6 0 to 1969-70 

DYNAMDD II projections of elementary school teachers are lower than 

those of the Office of Education for each of the projection years ex- 
cepting the last two (figure 4). In the final year, the DYNAMDD II 
projection is 3.1 percent higher than that of the Office of Education. 
The greatest difference is in 1964-65, when the DYNAMOD II estimate is 
4,5 percent less than that of the Office of Education. 

Figure 5 shows DYNAMDD II projections of secondary school teachers 
to be somewhat less than those of the Office of Education for each of 
the projection years. The percent difference Increases each year to 
1964-65, where the DYNAMDD II projection is 10.1 percent lower than 
that of Office of Education. The difference then decreases for the 
remaining years, becoming 2.7 percent in 1969-70. 

DYNAMOD II projections of college teachers are higher than those 
of the Office of Education through 1964-65 (figure 6) . For the re- 
maining years, DYNAMOD II figures are less than those of the Office of 
Education, with a difference of 3.2 percent in the final academic year, 

1969-70. 




19 



Figure 4 .-DYNAMDD II projections of elementary school teachers 
as compared with Office of Education projection^ 
1959-60 to 1969-70 




Source: Appendix table A-2 



o 



Figure 5.-DYNAM0D II projections of secondary school teachers 
as conpared with Office of Education projections, 
1959-60 to 1969-70 



Thousands 




Source: Appendix table A-2 
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6.-DYNAM0D II projections cf college teachers as 
compared with Office of Education projections, 

1959-60 to 1969-70 
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Other Demographic Characterlstica 

Presented below are comparisons of the results of DYNAMOD II *s 
projections of age, sex and race to those of the Bureau of the Census. 

A minor data con 5 >atibility problem is encountered in conqparing the Series 
"B," Bureau of the Census-projected population data, to those derived 
from the DYNAMOD II Series ”B» projections. The absolute nximbers of 
Series ”3*' births (Census projections) were obtained from Current Popu - 
lation Reports . Series P-25, No. 345 of July 29, 1966. The resulting 
population was then con^ared with the projected population in Current 
Population Reports . Series P-25, No. 286 of July 1964. This was due 
to unavoidable time restrictions and late procurement of the July 1966 
data for comparative analysis. 

Actually, had the 1966 data been used, the differenoas in the popu- 
lation projections would have been even smaller than those discussed 
below, since the Bureau of the Census* 1966 projections of the popu- 
lation were revised downward. Further, the Census projections are 
centered on July 1, while DYNAM3D II is centered on April 1. The dif- 
ferences, however, were not great enough to justify reworking the tables 
and charts which had previously been completed. 

Age . The degree of agreement of the projections of the age com- 
position of the population in DYNAMOD II with the reference projections 
published by the Bureau of the Census is illustrated in figure 7. With 
the exception of the 15“19 year old group for 1966, the relative dif- 
ferences between the DYNAMOD II projections and those of the Bureau of 






23 



Figure 7 .-Differences between DYNAMDD II and Bureau of the 
Census population projections, by age, 19bJ-1970 



Percent 




DYNAMOD II less than DYNAMOD II greater than 

Bureau of the Census Bureau of the Census 




Source: Appendix table A-3 
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Census all were less than 7.6 percent. 

As would be expected, the size of the relative errors tends to 
increase with the length of the projection interval. With the ex- 
ception of the 5-U year old group, DWAmV II projections tend to be 
below those of the Bureau of the Census In the final projection year. 

Sex. Figure 8 shows DTHAM3D II projections by sex for the pro- 
jection years I960, 1965, and 1970. DINAffiD II appears to be under- 
projecting males relative to females for both 1965 and 1970. For 
males, the DIHAMOD II 1970 projection is 3.3 percent less than the 
Bureau of the Census projection, while for females the difference is 
2.5 percent. However, these differences most likely result from the 
initial differences present in I960. In this year, DINAMDD II was 
1.1 percent less than the Bureau of the Census for males, and for 
females the difference was only .1 percent. In the method of pro- 
jection used by DYNAMDO II, this initial difference is carried through 
and compounded for the remaining years. 

Race. A graphic cosparison of DYNAMDD II and Bureau of the Census 
projections by race is shovn In figure 9. For whites, the DMAMOD II 
projection in I960 is .3 percent below the Bureau of the Census esti- 
mates, becoming 1.8 percent below in 1970. For non-white, DYNAMOD II 
is initially 2.9 percent lower than Bureau of the Census, and this 
percent remains nearly constant throughout the projection period. The 
relative difference between white and non-white (.3 and 2.9 percent. 



o 
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Figure S .-DYNAMOD II pi-ojections compared with Bureau of the Census 
projections, by sex, 1960-1970 
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Figure 9.-DYNAMDD II projections compared with Bureau of 
the Census projections, by race, 1960-1970 
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Appendix table A-5 
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respectively) in I960 is attributable to sampling error. The Bureau of 
the Census projections were taken from Current Population Reports ^ Series 

P-25, No. 345, July 29, 1966. 

Liniitations of the Data 

The data are subject to all the limitations published elsewhere by 
the Office of Education and, where applicable, the Bureau of the Census. 
The basic data inputs are derived primarily from the Bureau of the Census* 
1/1,000 samples data tape, and hence are subject to sampling errors which 
become relatively larger as the population is subdivided in more detail. 
Efforts were made to adjust known differences, but these efforts cannot 

be considered to be completely effective. 

For this initial report, the major effort was expended on ob- 
taining suitable fits of the major educational population categories 
(elementary school students, secondary school students, and so on) to 
the reference bases. Therefore, only secondary enphasis was placed on 
the sex, race and age distributions within the entire population. As 
a result, some of the categories such as age have rather large relative 
errors. More emphasis will be placed on these items in future reports. 

In addition to errors in the data inputs , estimates of the tr^ns- 
tion probabilities also are subject to error.. Many of the estimates of 
the probabilities have been adjusted to make the model *s population con- 
form more closely to the reference data published elsewhere within the 
Office of Education. However, in doing this the errors in the estimates 
of the probabilities were confounded with the sampling errors of the 

» 

inputs, making it inpossible to develop measures of the precision of 
the probabilities . 
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One of the most frequently hypothesized limitations applicable to 

a model such as DYNAMOD II is that the population may not be Markovian 

in its behavior. This may be true. However, the point in question 

really is not whethei' a Markov process truly governs the population, 

but rather, whether the population's behavior is reasonably well repre- 

9 / 

sented by a Markov process,"* 



If applied researchers were to be limited only to models where the 
underlying processes were "proven", few models would ever be built. 
For exan5)le, econometricians would not build predictive models but 
only structural models. 



.gPEHTAL ANALYSES 



This portion of the report presents three special analyses re- 
lating to current topics in educational analysis. The first, "Birth 
Variations," gives an indication of how changes in the birth rate can ^ 
affect the educational population over a period of time. Only one 
such variation is presented here, but the rates can be varied to any 
degree of difference desired. 

The second analysis, "Variations in Retention Rates" serves a 
dual purpose. It shows what changes in the composition of the educa- 
tional population might be expected by keeping a higher proportion of 
students or teachers in the system. It also indicates the effect of 
a one percent error in a retention rate on the estimates of the popu- 

lation. 

The third analysis, "Student-Teacher Ratios," probes some of the 
possible outcomes of pursuing such mixed policies as, for example, 
introducing programs to keep more students in the system without 
introducing companion programs aimed at increasing teacher retention 

rates . 

Birth Variations 

The ultimate validity of any set of population projections is 
known to be highly dependent on the agreement between actual and assumed 
birth rates. Sudden shifts in the birth rate of the population caused 
by the outbreak of war, business conditi ns, new birth control devices, 
or from whatever source, can have marked effects on previous projections 
of the numbers of people in various categories of interest. 



It is a great convenience in a population projections model to 

iO/ 

have the flexibility of easily changing the assumed birth rates. 

For example, educational planners and analysts are free to postulate 
any desired intact on the birth rate of a policy emanating within or 
outside of the educational system, and they can then ob'*/ain an esti- 
mate of the impact on the educational population as a result of the 
postulated policy. 

Presented below is an exanple of the population effects caused 
by using different assumptions regarding births. Note that the years 
1959-60 through I964-65 are common to both sets of projections. For 
those years, estimated actual birth data were available, and therefore 
were used. For the remaining years in the projection interval, estimates 
by the Bureau of the Census or the Division of Operations Analysis were 
used. Although in this instance, the Division of Operations Analysis 
made its own assumptions regarding the birth rates from 1966 to 1970, 
the point to keep in mind is that any set of birth rates desired could 

N 13 / 

have been used as inputs to DYNAMOD II (figure 10) . 

As may be expected, differences arise in the projected (1966-1970) 
population figures according to the particular type of birth figures 
used as inputs. Projections of population groups based on the higher 
Series "B" births show up consistently higher than those resulting from 
DYNAMOD II birth estimates. In certain age groups, differences in the 
projected population group totals become more pronounced with the in- 
creased number of years in the projection interval. 

10/ The same may be said for death rates . 

3^ For the years I960 through 1965, number of actual births as estimated 
by the Bureau of the Census are used in both sets of population pro- 
jections. 
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Figure 10, "Birth projections used in DYNAMOD II, as estimated 
by the Division of Operations Analysis and the 
Bureau of the Census, 1959-60 to 1969-70. 
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The 0-4 year old age group shows the greatest difference, amounting to 
1.3 million by the year 1970 (figure 11). It may be noted that the 
higher birth rates from Series births in the 0-4 year old group are 
reflected the following year in the totals for the 5-14 year olds 
(figure 12) . *3 nis is due to an artifact in the model caused by the use 

of groupings, instead of using single years of age: a small proportion 
of increased populations of 0-4 year olds a,re transferred to the 5"14 
year group during one cycling of the data because of the age transition 
probability coefficient.- This artifact will be avoided by using single 
years of age in future network flow models. Differences due to increased 
Series births, however, are nol. reflected beyond the 15-19 year group 
because of the short length of the projection span (figure 13) * 

Among the student groups, the assumed differences in birth rates 
affect only elementary and secondary school students, i.e., there is 
no effect on the number of college students introduced by the higher 
number of births in Series "B", because the period of projection is 
only five years (appendix table B-3) • Obviously, however, if the popu- 
lation had been projected for a greater number o’f years, effects of 
birth variations would ultin*n.tely be felt in all age groups. 

For the projections to 1970 by race, the births resulting from the 
use of Series "B" estimates show an excess of 1.4 million whites and 
323,000 nonwhites over those using Division of Operations Analysis 
estimated births, or a difference of 0.8 percent and 1.3 percent re- 
spectively (appendix table B-4) . 

For male and female projections, differences amount to 867,000 






Figure 11 . -Comparison of DYNMOD 11 oopulatioii projections of 
0-4 year c-lds, using differe.nl birth estimates, 

1960-1970 
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Figure 12. -Comparison cf DYNAMOD II populal. loi’ pro je(;t ions of 
5-14 year olds, using differs ut birth estimates, 

1960 - 19^/0 
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Figures I 3 . -Comparison of DYNMOD II projeohlofi'J of 1^-19 

year olds using different bii’ti estimates, 1960-1970 
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males (0.9 percent) and S30,000 females (0.8 percent) by the year 1970, 

(appendix table B-5) • 

Variations in Retention Rate s 

Varying the retention rates for students and teachers consisted 
of increasing by one percent the probability that a student or teacher 
would remain in his respective educational category from one year to 
the next. Thus, if a retention rate (transition probability) was 
.8000 in the original D'XUAMOD II projection, it was changed to .8080, 
or by one percent. Now, because the row values in the transition 
matrix had to add to 1.0000, the increment (.0030) had to be taken from 
among the remaining row entries. It was decided to take the balance 
from the "other" category, since by so doing, the remaining struc- 
ture of the educational system would not be directly affected.-^ 
Basically, then, the effect of an increase in a retention rate is to 
keep more individuals in a given category without altering the relative 

flows within the educational system. 

The increases in the rates were made one at a time, to avoid 

13/ 

confounding the effects of the changes. 

Students . The effect of increasing the elementary school student 

retention rate by one percent was to raise the level of the projection 





>me secondary effects obviously would, and should, show up later 
irough the minor impact on the transfers from the "other®' category to the 
jceiver categories, as well as through an increase in the 
" secondary school and college students, and so on, later affected 
\ the change in the flows. The secondary effects will be examined 



in a future report. u 4 .v,« 

A special computer run is planned for the future in which the e 

fects of a simultaneous one percent change in all educational. - 

retention rates, students and teachers alike, will be examined. 
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for the 1969-70 school year from about 36.7 million to slightly over 
37.0 million, or by one percent (figure 14). The relative impact 
increasing the elementary school student retention rate, that is, 
the percent increase in students over the base line projection, vas 
lowest for elementary school students, remaining at about one percent 
over the entire projection interval. Furthermore, the "time to maximum 
response," i.e., the time required to reach the maximum relative 
difference over the bass line projection was shortest for this grpup, 
reaching the maximum level (1.1 percent) within two years. 

Knowledge of the relative i 2 ?)aot of changes in the educational 
population can be of great aid to educational planners, analysts and 
decisionmakers by providing them with information regarding required 
changes in the capacity of the system resulting from the implementation 
of policies that change the numbers of students or teachers in the system. 
For exas5.1e, if planners estimate their capacity requirements on the 
basis of a given set of flow rates for students and teachers, they will 
be interested in learning what additional changes i i capacity may be 
required by policies that affect the retention rates of students; In 
the case of elementary school students, for e;.anple, an increase of one 
percent in the retention rate would require capacity'in the system 
sufficient to handle the original projections plus about one Jpproent. 

more each year in the interval* 

i4/’ Another set of"secondary effects « chai^in 

rate is varied for, say, elementary ^ dfs- 

the number of secondary and college students. These wi±i oe a 

cussed in a,, future report. 
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However, for secondary school students, the requirements are some- 
what higher. A one percent increase in their retention rate would raise 
the DYNAMOD II projection for 1969-70 from about 13.4 million to nearly 
13.8 million students, or 2.4 percent (figure 15). That is, for each 

1.0 percent increase in the retention rate, an enrollment increase 
equal to the original projection plus an additional 2.4 percent could 
be expected within 10 years Not all the relative impact would be 
expected immediately, as the graph of the relative increases indicates, 
i’y the 1964-65 school year, for example, the increased requirements are 
about 1.9 percent higher than for the original projections. 

As might be expected, there are limits to the relative impacts of 
policy changes. From the projection structure of DYNAMOD II, it appears 
that the maximum relative impact on the number of secondary school 
students is about 2.5 pesrcent, reached in about 12 years from the imple- 
mentation point 

The greatest relative impact of all three student categories is 
achieved with college students (figure I6), where the figure becomes 

3.0 percent by 1969-70, with an apparent maximum of 3.3 percent in 



There are obvious ximits to such a statement. First, if the required 
capacity were not available, then there simply would not be room for 
that many students. Second, the changes discussed here are marginal 
(small) changes, and may not be applicable over large ranges of 
possibilities. For example, a change of 10 percent in the retention 
rate may not require places for an additional 24 percent enrollment 
in 10 years. 

The 12-year figure is an estimate taken from the chart, and is not 
the result of a statistical fit of the data. 



o 
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Figure 15. -Results of a one percent increase in the secondarj/ 
school student retention rate, 1959-^^0 to 1969-70 
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Figure 16, -Results of a one percent increase in the college 
Student ratention rate, 1959-60 to 1969-70 
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about 15 years. While this group has the largest relative response to 
retention policies, the absolute effect by the end of the 10-year pro- 
jection interval is smallest, being only 190 thousand students above 
the original 1969-70 DYNAMOD II projection of 6 5 million students. 

Teachers . The teaching sector appears to be much more sensitive 
to increases in the retention rates than is the student sector, although, 
of course, the absolute numbers of persons involved are much smaller than 
is the case for students. The effects of increasing the retention rates 
for teachers are shov^n in figures 17, 18, and 19. The relative response 
factors are quite high by the end of the 10-year interval, being 4.8 
percent for secondary school teachers, and close to 6 percent for 

iZ/ 

elementary school and college teachers, raopectiveD-y. 

Effective policies aimed at increasing the holding power for 
teachers in the system, then, would appear to be particularly desirable 
means of increasing the total population of teachers. This seems to 
be especially true for college teachers, where a heavy dependence on 
returns from the "other” category was required to obtain an acceptable 

fit to the reference projections. 



\jj The impact on the student-teacher ratios are discussed below. 

19 / If this heai^y transfer had not been specified, a satisfacto^ fio 
^ to the standLd projections could not have been 

circumstances. A special computer run was made where the teacher 
retention rate was set as high as possible and the trans^ from 
"other" back to the profession were eliminated. The DYdAM 
nro lections for 1969-70 were 381 thousand go? lege teachers, or con- 
TideraCbefow trsiandard OE projection of 5?4 ^bousand teachers. 
If the DYNjlMOD II structure is approximately correct, inp-- 
tion is that projections made on the basis of assumed studont-teac er 
ratios may not be realized because the system may not produc ^he 
required numbers of teachers and the nmbers returning to the pro- 
fession from "other" may not be sufficient to fill the gap. 
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Figure 18, -Results of a one percent increase in the secondary 
school teachers' retention rate, 1959-60 to 1969-70 
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Figure 19 .-Results of a one percent increase in the college 
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Student-Teacher Ratios 

One of the frequently-used measures of the "load” on parts of the 
educational system is the student-teacher ratio. Although the accepted 
range of variation of this ratio is a frequent and unresolved matter of 
discussion, the fact that it is frequently discussed and published in 
educational literature suggests that, despite its limitations, it is 
a tool of planning and policymaking. 



Those student-teacher ratios discussed below that are hypothesized 
to result from a one percent increase in the retention rates of 
students or teachers contain a minor degree of nonconparability with 
the OE base data from which they are calculated. The reason for this 
is that: (a) an elementary school student in DYNAMOD II is defined as 
being in grades K through 8, while in OE publications the definition 
includes only those not attending a junior or senior high school; 
and (b) DYNAMOD II elementary and secondary school teachers follow 
the OE definitions exactly. The number of grades 7 and 8 students 
enrolled in high school organization units (and therefore classified 
by OE as secondary school students) are about equal to the equiva- 
lent of the total 8th grade enrollment in public schools (see OE 
10030-66, tables 2 and 3 and OE 10024-65, table 3 plus about 15 per- 
cent for nonpublic school enrollments). Thus, about 9-10 percent 
of the elementary school students affected by a change in the re- 
tention rate in DYNAMOD II would fall in the secondary school clas- 
sification of OE. The main effect, therefore, would be concentrated 
in the third decimal digit of the retention rate and hence would 
have only a minor impact on the relative response patterns for the 
students. 

Because of this, and also because the teacher classification in 
DYNAMOD II follows OE definitions, it was decided to apply 
the percent response patterns to one percent changes in the re- 
spective student and teacher retention rates from DYNAMOD II to 
the published OE student-teacher ratios for elementary and sec- 
ondary schools. The student-teacher ratios shown as "Office of 
Education base data" in appendix table D-1 are combined from the 
separately-published ratios for public and nonpublic schools as 
shown in OE 10030-66, table 23, using the number of classroom 
teachers in table 22 as combinatorial weights. The student- 
teacher ratios for the college sector were computed directly 
from the DYNAMOD II' output. 
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This being the case, one consideration of the impact of policy 
changes on retention rates within the system should be the effect of 
those changes on the studert-teacher ratios in the respective 
of the educational process. 

For example, it might seem intuitively desirable to increase the 
retention rates of all students, for isn't a better-educated popula- 
tion more productive, and doesn't well-being increase with productivity? 
Perhaps. But if an increase in the number of students processed within 
the system comes about at the expense of unacceptably high student-teacher 
ratios, the quality of the education received by the students, hence 
their productivity, may in fact be less than would have been the case 

had the policy not been implemented. 

Consider another planning problem. Suppose policymakers are in 

agreement that (1) a particular student-teacher ratio is too high, 
and (2) the proper policy to follow to lower it is to increase the 
retention rate of teachers in the system. How much should the rate 

be changed to meet predetermined objectives? 

DYNiWOD II can be of use in cases such as those described above. 

To illustrate the model's utility, student-teacher ratios are pre-^ 
sented in this section in a manner that reflects a range of outcomes 
of policy alternatives. The student-teacher ratios calculated from 
base line data are contrasted with the ratios resulting from increase 
in the student retention rates with the teacher rates unchanged, as 
well as with the converse, i.e., the student retention rates unchanged 
with the teacher retention rates increased. All increases in the re- 
tent ion rates were one percent. 



o 
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Figure 20. -Comparison of the variations in the student-teacher ratio 
caused by selected increases in student or teacher reten- 
tion rates, by level of schooling, 1959-‘60 to 1969-70 
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The results of these calculations are shown in figure 20. As 
can be inferred from the chart, two important patterns are present. First, 
the policy of increasing the retention rates of students without changing 
the retention rates of teachers has its greatest impact on the college 
student-teacher ratio and least affects the elementary school student- 
teacher ratio. Second^ a one percent increase in the retention rates of 
teachers has a very strong effect on the ratios, lowering all three from 
between 4.7 to 6.2 percent by the 1969-70 academic year, as highlighted 
in the discussion table below: 



An increase of one percent 
in the retention rate of: 



Elementary school students 
Secondary school students 
College students 
Elementary school teachers 
Secondary school teachers 
College teachers 



Produces a percent difference in 
the base line student-teacher ratio 
approximately equal to: — 

1964 - 1969 - 

1965 1970 



1.0 

1.9 

2.3 

-3.4 

-3.3 

-3.9 



1.1 
1.9 
2.3 
-5.3 
-4.7 
—6 . 2 



The data in appendix table D-1 indicate that, for the college sector 



either alternative of increasing the student retention rate or the teacher 



retention rate will be associated with an absolute increase in the stu- 



dent-teacher ratio over the middle range of the projection interval. 



This suggests that if the desired policy is to ultimately increase the 
number of students in the system over the base line projections, one way 
of minimizing the impact on the student-teacher ratio is to sequence the 
operations: to first pursue policies that will retain more teachers in 
the system, and then take the desired action to increase the retention 
rates of students. 



\ 
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Examining the data In more detail it can be noted that, even though 
more students enter the system each year at the elementary school level, 
the projected number of elementary school teachers increases at a faster 
rate than the students, lowering the student-teacher ratio from 29.9 in 
1959-60 ' 27.4 in 1969-70 „ In the secondary school sector, little change 

is noted over the interval. 

The college student-teacher ratio increases over the interval be- 
cause the projected number of students is increasing proportionately 
faster than the number of teachers , From 1959-60 to 1969-70 the college 
student-teacher ratio changcf? froiTi 11,9 to 12.9. 

If a one percent increase is mad© in the retention rates of 
secondary school students the relative difference in the student- teacher 
ratio over the base line ratios is slightly greater than for the elemen- 
tary school sector.’ A one percent increase in the retention rate for 
college students increases the student-teacher ratio from a base line 
value of 12.7 to 13.2 in the 1969-70 academic year. 

For teachers, an increase of one percent in the retention rate of 
those in elementary schools, holding the students* rate constant, de- 
creases the student-teacher ratio from 27.4 to about 25.9 during the 
interval 1960-70, 

The same type of change to the retention rate of secondary school 
teachers reduces the secondary school student- teacher ratio from 21.1 
to 20.1 for the same period (a decrease of about 4.7 percent), while 
for college teachers, the one percent change reduces the student- teacher 
ratio from 12.9 to 12.1 or a decrease of 6.2 percent. 
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One point not discussed in this report that will be covered in a 
future, report is the spillover” of students to higher levels of schooling 
or into teaching end their subsequent intact on the student-teacher 
ratios of the affected sectors. If, for exan^jle, the retention rate 
of elementary school students is increased, the graduates who go on to 
secondary school will affect the secondary school student-teacher ratio. 
The spillover effect may or may not be .important, depending on the 
.amount of the increase in the retention rate and the flow structure 
of the affected parts of the system. 









mmmmm 
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APPENDIX A 

Tables of DYNAMOD II Projections Conqoared with Reference Projections 
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Appendix table A-5.-DYNAM0D II p pulation projections collared 
with those of the Bureau • ' the Census , 

by race, 1 -1970 
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Tables of the Effects of Using Different Birth Est3.mates 
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Liai' OF APPENDIX B TABLES 



Ta^ Title PSE© 

B-1 DYNAMOD II birth projections as estimated by the Division 
of Operations Analysis and the Buireau of the Census, 

1965-66 to 196S)-70 ^ 

B"2 Comparison of DY^fil^^0D II population projections using 
different b3.rt;h estimates, by selected age groups, 

1Q66-1970 . . 

B-3 parlson of DlllAMCD II population projections using 

tiffisrent birth estimates, by student population. 



1965 - 66 to 1969--70 

B-4 Comparison of DYNAMOD II population projections using 

different birth estimates, by white and nonwhite, 

1966- 1970 ^5 
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Appendix Table B-l.-DYIJAMOD II bir-f;h projections as estimated by 

the Division of Operations Analysis and the 
Bureau of the Census, 1965' 66 to 1969-70 
(In thousands) 



Year 



1 / 



Division of ^ 
Operations Analysis 



. Difference 

Bureau of (Series "B” minus 

the Census’ ' Division of Opera- 
Series ‘^B» tions Analysis) 

t ■ I 



1965-66 


3678 


3756 


1966-67 


3590 


38S0 


1967-68 


3670 


4034 


1968-69 


3740 


4191 


1969- 70 


3830 


4353 



80 

290 

364 

451 

523 



l/ Births are centered on fiscal year beginning July !• The 
births used in DiNAMOD II from 1959-60 to 1964-65 were 
published in »Births and Death Rate Projections Used ^ 
Present Student-Teachers Populat: n Flow Models”, T. Okada, 
Technical- Note Number 11, November 1966. 



7j Ibid . 

V U.S. Bureau of the Census, Current Pop ulation HeporM» 
Population Estimates. Series P— 25> No. 345, Op . Cit . 
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Appendix table B-2. -Comparison of DYNAMOD II population .projj ect ions using 
different birth estimates, by selected age groups, 1966-1970 

(In thousands) 



-AGE 




1966 


1967 


1968 


1969 


1970 




Series 


20,208 


20,045^ 


20.070 


20.249 


20.556 


t- 

0-4 

i 


DOA Birth 
estimates 


20.128 


19,691 


19.420 


19.275 _ 


_59_,25_0,_ 


1 ' 

1 

1 

1 


Percent 

difference 


t 




-3.3 


-5.1 


-6.8 


t 


Series "B” i 


40,128 


40,527 


• 40,851 


41.142 


41.437 


5-14 


DoFBxth ■' 
estimates 


40,128 


40,513 


40,770 


40,942 


41,062 


» 


Percent 

difference 


oio 


0.0 


-0.2 




—0.9 




&ries ”B“ . 


.16,453 


16,937 


17,370 


17,750 


18,082 


15-19 


DOA Birth 
estimates 


16,453 


16,937 


• 17,370 


17,746 


18,064 


Percent 

difference 


0.0 


0.0 


0.0 


0.0 


1 

-0.1 



1/ Series ’'B*' estimates from U.S. Bureau of Census Current ' . 

Population Reports, Population Estimates, Series' P-25; 1"^;- - 
No. 345, Op* Cit . ' — 

^ Division of Operations Analysis estimates, T. Okada, 

Births and Death Rate Projections Used in Present 
Student-Teacher Population Flow Models , Technical 
Note Number 11, November, 1966. 







Appendix Table B-3. -Comparison of DINAMOD II population projections 

using different birth estimates, by student pop' 
ulation, 1965-66 to 1969-70 
(in thousands) 



f 


— 


1965-66 


1966-67 


1967-6B 


1968-69 


1969-70 


& _ 


Series 


35,416 


35,818 


36,139 


36,416 


36,683 


Elements 

school 

students 


TTO^iH?ri 

estimates | 


35,416 


35,810 


36,091 


36,281 


36,414 


Percent j 

difference 


0.0 


0.0 


-0.1 


-0.4 


-0.7 




Series «B» 


12,371 


12,691 


12,971 


13,211 


13,418 


Secondar 

school 

students 


DOA Birth 
estimates 


12,371 


12,691 


12,970 


13,206 


13,405 


Percent j 

difference 


0.0 


0.0 


0.0 


0.0_ 


-0.1 


DO 


Series "B** 




5,457 


5,753 


6,028 


6,282 


6,5U 


0) HP 
W 


DOA^Birth 

estimates 


5,457 


5,753 


6,028 


6,282 


6,514 


H p 
o 43 
o tn 


1 [Percent 
1 dj^fference 


1 0.0 


0.0 


0.0 


0.0 


0.0 
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Appendix Table B-4 •-Comparison of DYNAM3D II population pro- 
jections using different birth estimates, 
by white and nonwhite, 1966-1970 
(in thousands) 





_J 


1966 


1967 


1968 


1969 


1970 




Series 


171,027 


172,685 


174,452 


176,334 


178,331 


1) 

s 


DOA Birth 

TTIO A d 


170,962 


172,385 


173,861 


175,380 


176,958 




|ri Q3T>l.TTlH.TiBa 

Percent 
Series »»B»» j 


2 , 

0.0 


-0,2 


-0.3 


-0.5 


-0.8 


<D 

•P 


22,839 


23,266 


23,720 


24,194 


24,697. 


•H 

S 

i 


DOA Birth 
estimates 


22,825 


23,194 


23,527 


23,969 


24,374 


K 

S 


Percent 

fHfference 


- -0.1 


::0j3_ 


-0.8 


-0.9 





o 

ERIC 

Hi 






L 
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App6ncli.x B*”5 • “Cp®ps.ri.son of DYNAMOD II popuXs.'fcion pro— 

jsctions using different birth estimates, 
by male and female, 1966-1970 
(In thousands) 





1 


1966 


1967 


1968 


1969 


1970 


■ - 


Series '’B" 


95,077 


96,051 


97,100 


98,219 


99,412 


& 


DOA Birth 
, eetimateg. 
Percent 
-difgereacs 

Series «B'» 


95,040 


95,860 


96,723 


97,617 


98,545 


0.0 


-0.2 




-0.6 






98,789 


— 








1 ' 
j Female 


99,900 


101,072 


102,309 


103,616 


DOA Birth 
estimates 


98,750 


99,717 


100 ,7U 


101,732 


102,785 


Percent 
1 difference 


0.0 


-0.2 


— O.A> 


i| 

1 

o 

1 . 

; o^ 


^0._8^ 
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Appendix Table ' V -Death rates used in DYNAMOD II 

$ 



Age 

Interval 

1 / 

0-4 



1 / 

5-14 



15-19 



20-24 



25-44 



VJhite 

Category Male Feioale 



Mon°”VJhite 
Femcle 



Elem, sch. students 


.0055 


Other 


e 0055 


Elem, sch. students 


.0005 


Second, sch, students 


.0005 


Other 


.0005 


y 


Elem. sch, students 


.0013 


y 


Second, sch. students 

y 

College students 


.0013 


.0011 


y 


Other 


.0013 


y 


Elem. sch. students 


.0017 


y 


Second, sch. students 


.0017 


College students 

y 

Elem, sch. teachers 

y 

Second, sch. teachers 


.0011 


.0011 


.0011 


y 


Other 


.0017 


y 


Elem. sch. students 


.0026 


y 


Second, sch. students 

y 

College students 

y 

Elem. sch, teachers 


.0026 


.0017 


.0017 


y 


Second, sch. teachers 

y 

College teachers 

y 

Other 


.0017 


.0017 


.0026 



,0042 


.0107 


.0086 


.0042 


.0107 


.0086 


.0003 


.0007 


.0005 


.0003 


.0007 


.0005 


.0003 


.0007 


.0005 


.0005 


.0016 


.0008 


.0005 


.0016 


.0008 


.0004 


.0014 


.0007 


.0005 


.0016 


.0008 


.0006 


.002 S 


.0013 


.0006 


.0028 


.0013 


.0004 


.0014 


.0007 


.0004 


.0014 


. .0007 


.0004 


.0014 


.0007 


.0006 


.0028 


.0013 


.0014 


.0061 


.0039 


.0014 


,006 l 


.0039 


.0006 


.0028 


.0013 


.0006 


.0028 


.0013 


,0006 


.0028 


.0013 


.0006 


.0028 


.0013 


.0014 


.0061 


.0039 



' Table B-6 (Cont’d) 




Table B-6 (Cont'd) 
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hss. 

Tn+AeT*val 


Category 


White 

Male 


Female 


45 & over 


y 

Elem. sch. teachers ^ 

Second, sch. teachers 

2/ 

College teachers 


H 

o 

• 


.007 




.01 


.007 




.01 


.007 




y 

Other 


.0316 


.0222 



Won-White 



Male 


Female 


,016 


.014 


.016 


,014 


,016 


.014 


.0352 


.0262 



1/ Death Rates based on actual count of 

D.S. Department of Health, Bducation, and Welfare, 
S^aUgUcs_ofU^., Vol. II, Mortality, Part A (Table 1-25), 

1964, Washington, D. C, 

o! TT S Deoartment of Hoalbh, Education, and Welfare, "Mortality 
^ by 6ccSrLrindustr;- yitsi 8tst1sttcs Spec^l Rej^> 
Vol. 53, No. 2, September 1962 (I^male rates estimated 
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Appendix Table G-?. -Results of a 1-percent increase in the DYNAMOD II 

teacher retention rates, 1960-1970 
(In thousands) 
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APPENDIX D 



Table of the Effects of Variations in the 
Retention Rates of Students and Teachers 
on the Student-Teacher Ratios 



Appendix Table D-l.-Conparison of the variations in the 

student-teacher ratio caused by selected increases in 
student or teacher retention rates, by level of schooling 

1959-60 to 1969-70 y 
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Appendix E 

List of Population Groups Used in Dl^NAMOD II 

Appendix table E-X contains a list of the population groups used 
for the DYNAMDD II preliminary report. This list will expand slightly 
for f ut' ire reports y ■ because Dropouts will be included as a separate 
category. 

Only 27 age-educational categories are listed in the table. The 
reason for this is that the 27 categories are identical for each of 
the four sex-race groups, i.e., white males, nonwhite males, white 
females and nonwhite females, making a total of 108 groups. 

The 108 group count is substantially below the possible number of 
168 groups (including deaths) for several reasons. First, ijii^ossible 
combinations such as ”0-4 year old college students" were removed. 

Second, some categories, such as "44 or older elementary school 

students" did not appear on the Census Bureau's data tape and their 
small numbers did not seem worthy of the special efforts that would be 
necessary to include them. Finally, a special cross— classification of 
deaths did not appear to be warranted, so deaths were aggregated only 
by sex-race category. 

It was mentioned in the body of this report that 656 transition 
probabilities were used to estimate the population grot^s* crossflows. 

The probabilities are not presented in this report beca\\se they are so 
numerous and also because many will be changed slightly as a result 
of mtxking the adjustments for future reports. The probabilities used 

in the future reports will be incorporated in those publicati<5ns , or will 
be made available to any persons desiring them. 
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Appendix table E-l.-List of population groups used in DYNAMOD II, 

by age and educational category 





Educational Catesory 


0-4 


Elementary School Student 


0-4 


Other 


5-14 


Elementary School Student 


5-U 


Secondary School Student 


5-U 


Other 


15-19 


Elementary School Student 


15-19 


Secondary School Student 


15-19 


College Student 


15-19 


Other 


20-24 


Elementary School Student 


20-24 


■ Secondary Scho Student 


20-24 


College Studeno 


20-24 


Elementary School Teacher 


20-24 


Secondary School Teacher 


20-24 


Other 


25-44 


Elementary School Student 


25-44 


Secondary School Student 


25-44 


College Student 


25-44 


Elementary School Teacher 


.■'5-44 


Secondary School Teacher 


25-44 


College Teacher 


25-44 


Other 


44 and over 


Elementary School Teacher 


44 and over 


Secondary School Teacher 


44 and over 


College Teacher 


44 and over 


Other 


44 and over 


Deaths 



